Background: Antiretroviral treatment (ART) has been introduced in Ethiopia a decade ago and continues to be scaled up. However, there is dearth of literature on the impact of ART on changes in CD4 lymphocyte count and weight among patients on treatment.
Introduction
HIV/AIDS continues to be a global challenge. Sub-Sahara Africa is the most affected part of the world with an estimated 22.9 million people living with HIV and 1.2 million deaths from AIDS among children and adults in 2010 [1] . Immunological suppression and disturbance caused by HIV infection is responsible for the decline in CD4 cell counts and is predictive of both morbidity and mortality from AIDS [2, 3] .
The introduction of antiretroviral treatment has altered the course of the HIV/AIDS epidemic [4, 5] . Antiretroviral drugs control the HIV infection by reducing viral replication which in most cases is measured by increases in CD4 lymphocyte count [3] .
This has led to drastic reductions in morbidity and mortality from AIDS, and improvement in the quality of life of patients [6, 7, 8] .
Monitoring clinical and diagnostic progression of patients on anti-retroviral treatment (ART) is important to examine responses to the treatment and for clinical decision-making. Patient responses and clinical diagnostic measures to anti-retroviral treatment show differences based on individual and population characteristics, and the type of setting where treatment is delivered [4, 9] . These include drug resistance levels, adherence to treatment, age, source of infection and substance use among others [3, 4, 10, 11, 12] . In Ethiopia, despite an increasing trend of access to ART in the past decade, there is paucity of studies examining the weight and immunological responses of patients in the course of treatment. This study therefore aims to examine predictors of change in CD4 lymphocyte count and weight among HIV infected patients on antiretroviral treatment in country.
Methodology

Ethical Consideration
Ethical clearance was obtained from the Institutional Research Ethics Review Committee (IRERC) of Haramaya University. Further approval was obtained from the hospital management before accessing the patients' medical records. In Ethiopia, patients are not customarily requested for consent before their medical record is to be used for research. This includes at the beginning of the recording process and afterward. Initially we wanted to contact loss to follow up patients through nurses to check if they are alive or dead, however the IREC advised us against this citing interference and emotional burden to patients and their families. As a result, we abandoned this approach and collected only non-identifying data from patients' cards. This was done by anti-retroviral treatment nurses working in the respective hospitals in order to assure confidentiality. The IRERC has approved this procedure.
Study setting
The study was conducted in Hiwot Fana, Jugal and Dil Chora hospitals located in eastern Ethiopia. According to the 2007 ART guideline of Ethiopia, the eligibility criteria for initiation of ART are dependent on the availability of CD4 count instruments in the treating health facilities. When CD4 count is not available, ART can be initiated to patients in WHO clinical stages III and IV irrespective of total lymphocyte count (TLC), and WHO clinical stage II patients if TLC is less than 1,200/ml. Whereas in the presence of CD4 count measurement instruments in the health facilities, treatment is given to WHO clinical stage IV patients, irrespective of the CD4 count -to WHO clinical stage III, if the CD4 cell count is less than 350/mL; and all WHO clinical stages if the CD4 cell count is below 200/mL [13] . The first line treatment regimens recommended in the national guideline are TDF+FTC+EFV or ZDV+3TC+EFV or ZDV+3TC+NVP. There are also alternative treatment regimens like D4T+3TC+NVP, TDF+3TC+NVP, D4T+3TC+EFV, ABC+3TC+NVP, ABC+3TC+EFV and ABC+3TC+ZDV. Usually, once treatment is recommended for AIDS cases by physicians, nurses trained for 1-3 months provide ART treatment, counseling and follow up. Physicians are available for consultation in case of complications and advanced disease patients that need to be admitted to medical wards.
Study design
A retrospective cohort study was conducted among HIV patients on ART. Data was collected from September to November 2010. A random sample of 1540 patients who started treatment between September 11, 2005 and September 10, 2008 were selected and retrospectively followed until September 10, 2010. The patients' identification numbers were used to extract the necessary data from the database and cards of the HIV patients in the ART clinics.
Socio-demographic characteristics, baseline and follow up clinical and laboratory data, and treatment outcomes were abstracted from patients' cards. The primary outcomes for this study were CD4 lymphocyte count and body weight measurements across time.
Data collection and quality control
A standard questionnaire was used to extract the data from patients' cards. This form is developed using the standardized ART entry and follow up form employed by the ART clinics. Four advanced ART nurses who were trained on comprehensive HIV care and treatment services and were involved in patient follow ups at the time of the study collected the data. Data collection was supervised by the researchers. All completed data collection forms were examined for clarity and consistency. Death was ascertained by reviewing cards and death certificates. Patients who died from unrelated diseases or accidents, as well as those alive at the end of the follow up period were considered censored. CD4 lymphocyte count (mm 3 ) and weight (kg) were measured every six months by the ART nurses, but in some instances such as dysfunction of CD4 counter machines measurements could be extended to longer intervals.
Data analysis
Descriptive statistics such as median, standard deviations (SDs) and tables were used to investigate the characteristics of the cohort. Descriptive statistics were analyzed using SPSS version 16, while regressions were fitted using STATA version 11. Linear regression was used to characterize and screen data for problems of multicollinearity. Mixed models regression was used to examine changes in CD4 cell count and weight after the baseline measurement. Models were fitted to both the raw and transformed data that approximate to a normal curve. Data transformations ranging from inverse to square roots of the CD4 counts and weight were attempted. Both the random intercept and slope-intercept models were examined to see the model fit. To check the reliability of the model based on the 60 th month follow up due to changing missing values, outcomes up to the 48 th and 54 th months were also fitted and compared with. Model fit was examined using the differences in maximum likelihoods of the competing models. The final model was random slopes and intercepts model in which the slopes as well as the coefficients were allowed to vary. The variables were entered in a simultaneous manner. Due to the large number of models that needed to be checked in addition to comparing random intercept or slope models, we did not use step wise models since they increase the risk of a false positive result (type I error) [14] . Regression coefficients of the final model and their 95% confidence intervals were used as measures of association between the predictors and outcome variable. A pvalue of less or equal to 0.05 was considered statistically significant.
Results
Characteristics of patients
A total of 1540 patients were included in the study. The median (IQR) age of participants was 32 (28.0-40.0) years and 37.3% (574) were males. Three hundred forty eight (22.7%) and 890 (58.2%) patients were on the WHO clinical stages of II and III at baseline respectively. The median (Inter-quartile range, IQR) of baseline CD4 count was 135 (76.0-198.3) per milliliter (Table 1) .
Follow up outcomes of the cohort
From the registered patients in this cohort analysis, the outcome of patients as active, deceased, lost to follow up and transferred out were 1005 (67.2%), 86 (5.9%), 210 (14.0%) and 192 (12.8%) respectively.
Changes in CD4 lymphocyte count and weight
As shown in Figure 1 , the median CD4 lymphocyte count had improved over the five year period except at the 54 th and 60 th months where the median CD4 cell count showed a slight decline ( Figure 1 and Table 2 ). In figure 2 we show the changes in body weight over time. The median weight improved after the 6 th month follow up period and declined in the 54 th and 60 th months but they were still higher than that of the baseline values ( Figure 1 and Table 2 ). The random effects models regression was fitted to both the raw and the square root of CD4 lymphocyte count and patients body weight. The length of time in ART (Beta = 7.91; 95% CI 7.48-8.34; p value 0.000) rather than other variables predicted improvement in CD4 counts. However, actively working patients had better CD4 lymphocyte count than ambulatory patients (P-value 0.038). The model from the square root transformed data was used for interpretation since functional status was significant; the model from the raw data is shown additionally in Table 3 to facilitate comparison. To examine sensitivity of the model to missing values we refitted it using observations up to the 48 th and 54 th months. However, we did not find differences with the model based on 60 th month follow up ( Table 3) .
The length of stay on ART was an important predictor of improvement in weight (Beta 0.15; 95% CI 0.13-0.18; p-value 0.000). Advanced WHO clinical stages, lower baseline CD4 lymphocyte count, and baseline hemoglobin levels were associated with lower body weight. Higher age predicted improvement in weight (Beta 0.15; 95% CI 0.07-0.23; p-value 0.000). The model from the square root transformed data revealed similar findings with the one based on the raw data. We show both models in the tables. To examine sensitivity of the model to missing values we refitted it using values of observations up to the 48 th and 54 th . Since these models were not different from the model based on the 60 th month observations, the final model included all observations up to the 60 th month of follow up (Table 4) .
Discussion
This longitudinal study aimed to examine the progress of CD4 lymphocyte count and weight, and their predictors among a cohort of patients taking antiretroviral treatment in eastern Ethiopia. Our findings indicate that the duration of ART was an important predictor of improvements in CD4 lymphocyte count (beta 7.91; 95% CI 7.48-8.34; p 0.000) and weight (beta 0.15; 95% CI 0.13-0.18; p 0.000). Patient's functional status at the beginning of treatment also predicted improvements in both body weight and CD4 lymphocyte count. Furthermore, higher age, earlier WHO clinical stage, higher CD4 count and high hemoglobin levels were associated with improvements in weight.
The research literature indicates that declines in CD4 lymphocyte count and weight loss among patients on anti-retroviral treatment are associated with increased mortality and morbidity manifesting in the form of deterioration of clinical conditions and decreased functional status in both adults [15] and children [16] . Similarly, in a previous study by our research group, the increment of CD4 count and weight gain were found to be important factors predicting patient survival [17] . Silva and colleagues reported that protease-inhibitor-containing antiretroviral therapy is associated with a weight gain and improvements in body mass index (BMI) [18] . In a cohort study, Mangili and colleagues showed that lower CD4 lymphocyte cell counts were associated with lower weight. When Mangili et al. classified patients being provided nutritional supplementation into CD4+ cell count strata, each 100-cell/mm3 decrease in CD4+ cell count was associated with an average of 1.9 kg reduction in weight [19] .
Studies have shown that longer duration on ART leads to an improvement of CD4 lymphocyte counts. Similarly, in this study, longer duration on treatment was significantly associated with improvements in CD4 count and weight. A study among 358 patients on ART from southern Ethiopia has documented similar findings [20] . In a multi-country study among sub-Saharan African patients, median CD4 cell counts increased from a baseline of 97 cells/ml to 261 cells/ml at 48 weeks; whereas the proportion of patients with a CD4 cell count ,100 cells/ml was reduced from 50% at baseline to 4% at 48 weeks [21] . The main reason for clinical improvement associated with longer duration on therapy is thought to be due to the reduction in viremia [22] . Patients that are able to stay longer on treatment are also more likely to have other parallel healthy behaviors like adherence to treatment as well as social support that improve their clinical outcomes.
In this study we found that older age is associated with improvement in weight. A similar finding has been reported by Mariz and colleagues where older age among patients on ART was associated not only with increased weight gain but also with becoming overweight among patients in Brazil [23] . They reported that patients more than 40 years of age were at risk of overweight or even obesity. Among patients on ART in Tanzania, Li and colleagues found a slightly higher odds of weight loss among patients between the ages of 15 and 29, and patients above the age of 50 three months after initiation of treatment [24] . However, it is difficult to interpret the latter study since its report is based on short term measurements (3 months), while in this study we reported outcomes that are based on follow up of patients for up to 5 years. This highlights a need for future research to examine the relationship between age and weight among patients on ART.
We found that high baseline hemoglobin level predicts improvement in weight gain. Our finding is similar to previous literature in that BMI levels are predicted by not only CD4 counts but also by anemia and hemoglobin levels [23] . For instance, a study carried out among Rwandan women shows risk factors for anemia to be associated with lower body mass index (OR 3.4; 95% CI 2.4-4.1), and CD4 lymphocyte counts below 200 cells/mL (OR 2.41; 95% CI 2.01-3.07). While patients were on treatment, the mean hemoglobin level of 10.9 at ART initiation significantly increased to 12.3 in eight months' time (P,0.001) [25] . However, reverse causation was also documented in another study; lower hemoglobin level at baseline was associated with the risk of significant weight loss at 3 months after initiation among patients on ART in Tanzania [26] . However, it seems that, without regard to the causal relationship between weight gain and anemia, a targeted nutritional supplementation and counseling could help in both weight gain and reduction of anemia among patients.
This study has some limitations. CD4 lymphocyte counts were not available for all patients due to lack of resources at the hospitals where the study was conducted. On top of this HIV RNA measurements were not collected since they are not part of the clinical monitoring of patients in Ethiopia because of their very prohibitive cost. Similarly, diagnostic tests that would confirm the presence of certain opportunistic infections were also limited. Due to this we were not able to include them in our analysis to examine and account for their potential contribution to CD4 count and weight changes. The retrospective study design limited our ability to gather data about factors that may influence morbidity, CD4 count and weight levels, such as food insecurity, social support and depression. However, our study has strengths in that we used a relatively large sample size, multiple referral hospitals, a robust analysis and a longer follow up period. It also has strengths in that it provides evidence about the implementation of ART and its impacts on clinical indicators in the context of treatment provided by lower level health workers in a resource poor country.
We detected a substantial increment in weight and CD4 lymphocyte count among the patients who were taking ART in eastern Ethiopia. The findings indicate that the length of time patients stay on ART and patients' functional status improves both CD4 count and weight gain. Higher age groups, earlier WHO stage, higher CD4 count and high hemoglobin levels were associated with improvements in weight. Ambulatory patients during the initiation of ART should be monitored carefully for immunological response. Patients who are in old age, with low CD4 lymphocyte count, late stage of WHO and lower hemoglobin level may need special diet considerations such as food by prescription programs to help them gain weight over time.
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